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I. INTRODUCTION 



-B c -meson is the heaviest of the stable under strong interaction mesons. Because of its 
unique properties the study of the processes of its production and decay can be used to 
check current models of quark dynamics. Since both constituent quarks in this meson are 
heavy, one can use perturbation QCD for the calculation of B c production cross section. 
Very interesting also is the study of B c decay channels. Since decay of B c meson proceeds 
mostly (in 70% of cases) through the decay of c-quark, one can expect a large yield of B s 
mesons, that is a significant part of directly produced B s , since the cross section of the last 
process is an order of magnitude smaller then the cross section of B u and Bd production. In 
our paper we would like to note, that the large number of 5 s -mesons, used to study B s -B s 
oscillations at CDF [1] and DO [2j, can also help to detect a noticeable amount of i? c -mesons 
in their decay to B s . We also draw an attention to the surprisingly large experimental ratio 
of B c to B u production cross sections [3], that is an order of magnitude higher, than the 
theoretical predictions. So a thorough investigation of this problem is required. 



II. MASS SPECTRUM 

The ground state of (be) system is intermediate between charmonium and bottomonium. 
Since B c meson have both charm and bottom flavors opened, it gives an opportunity to study 
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the dynamics of heavy quarks in addition to (cc) and (66) systems. There are 16 narrow 
(be) states below the threshold of BD-pa.ii production. In contrary to (cc) and (66)-systems, 
there are no annihilation channel for (6c)-meson decay, so excited states can decay only to 
the ground states with the emission of photons and 7r-mesons. 

The most accurate prediction of the masses of 5 c -mesons (including excited states) were 
obtained in the framework of nonrelativistic potential models, that is based on NRQCD 
expansion in inverse quark mass nig 1 and the relative quark velocity v — > {^J. The 
errors of these predictions are ~ 30 MeV. In addition to potential models, the mass of 
the ground (6c)-state was estimated also with the help of QCD sum rules and lattice QCD 
j^j]. The results of these estimates are in good agreement with the experimental value 
rriB c = 6276.5 ± 4.0 ± 2.7 MeV/c 2 , that was measured recently by CDF collaboration in fully 
reconstructed exclusive decay B c — > J/ipir [6j. 



III. DOMINANT DECAY MODES 



Both B c — > J I ipir and semileptonic B c decay correspond to the transition b —>■ c. Semilep- 
tonic decay mode was used recently by CDF and DO collaborations to measure the lifetime 
of B c - meson j^j]: 

r Bc = 0.4481K ±0.121ps. 

This value is in a good agreement with theoretical calculations, that were based on the 
inclusive approach and the sum of dominant exclusive decay modes [3]: 

t Bc = 0.48 ± 0.015 ps. 

In table [I] we give the predictions of the branching fractions of exclusive B c decays, that 
were obtained in the framework operator product expansion (OPE), potential models and 
QCD sum rules. The main contribution to B c lifetime are caused by the decay of c-quark 
(70%), while the contributions of 6-quark decay and weak annihilation are 20% and 10% 
respectively. 

While estimating the exclusive decay width in the framework of QCD sum rules, for the 
calculation of form factors it is important to take a s /v corrections into account. These from 
factors satisfy well the relations, obtained with the help of NRQCD spin symmetry and 
effective theory of heavy quarks (HQET). 
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TABLE I: Branching fractions of exclusive B c decay modes [7] 

From table [J it is clearly seen, that main modes of £? c -meson decay are connected with 
B c — ► B s transition. The branching of Bt — > B° s ii + and B c — > B° s p decays are 16.4% and 
7.2% respectively. The branching fractions of B c B*ir and B c — > B*p are rather large 
also: 

Br(B c -> B» = 6.5%, Br(B c -> S» = 20.2%. 
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The sum of these branching fractions gives ~ 50%. Inspired by the recent progress in 
detection of 5 s -mesons, used for measurement of B s oscillations, one could expect, that this 
will give new ways of I? c -meson detection through B c — > B s decays , that are caused 
by c-quark decay. 



IV. B c PRODUCTION 

Hadronic production of 5 c -meson was considered in a number of theoretical works. These 
works can be divided into two groups: 

1. articles, where all 0(af) diagrams describing B c production were considered 5j, 

2. articles, where only diagrams with fragmentation of 6-quark into B- meson were taken 



into account 



io| 
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In [9] it was shown, that these approaches give the same results in the region of large trans- 
verse momentum pt(B c ) > pj,- The value of the momentum pj. depends on the quantum 
numbers of 5 c -meson and varies from 30 to 40 GeV. For pt < p% the fusion mechanism 
dominates. As a result the total contribution to B c production cross section (including 
the feeddown from the excited states) gives the value of order 10~ 3 of the cross section of 
.B-meson production. 

CDF and DO [jj, [f| collaborations give their results on B c production cross section (a(B c )) 
in the form of the ratio over the cross section of B- meson production (a(B)): 

a B ■ BJB C J/i)e + v) 
R e = Bc n r ) n c — ttttt^ = 0-282 ± 0.0038 ± 0.074 
a B B r {B J/ipK^) 

in the kinematical region Pt{B) > 4.0 GeV and \y(B)\ < 1.0. Similar result for B c — > 
J/iplM^v decay is 

= 0.249 ± 0.045t°X 

We believe, that these results contradict theoretical estimates. Using known branching 
fractions Br(B — > J/tpK^) ~ 1.10~ 3 and Br(B c — > J/ipe^f) = 2 ■ 10~ 3 , from table [Done 
can see, that in this kinematical region the ratio 

a(B c ) _ Br(B -> J/ipK^BrBQ) -> B ± _ 0.282 ■ 10~ 3 ■ 0.5 _ _ 2 
^{B)~ e Br{B c -f J/^e±v) ~ 2^W 2 ~ °- 7 " 10 » 
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that is about an order of magnitude higher, then theoretical predictions. 

Let us now return to detection of B c meson from the decay induced by the decay of 
c-quark (that is B c — > B s ). If we rely on theoretical estimates of I? c -meson yield and exper- 
imental results of B s production cross section, that is suppressed by an order of magnitude 
in comparison with B Uj d, it is clear, that the ratio 

^ ~ io- 2 

<*B B 

is an order of magnitude higher, than the same ratio for all B mesons. If the branching 
fractions of the decay B c — > B s + X is taken into account, from 5600 fully reconstructed B s 
events [l| we should expect 9 B c — > B s ir events and 3 B c —> B s p events. These numbers can 
be increased by an order of magnitude if partially reconstructed events with semileptonic 
_B s -decays are taken into account (CDF collaboration has detected 61 500 events of this 
type). 

An important feature of cascade decays 

B c — > B s — > D s 

is that in semileptonic decays leptons with equal charges are produced 1 . If hadronic decays 
B c — ► B s n or B c — > B s p are detected, the charge of 7r (p) meson coincides with the charge of 
the lepton produced in B s decay. Using the known values of semileptonic B s decay branching 
fractions and the ratio 10~ 2 of B c and B s production rates it is easy to estimate the number 
of B c mesons. For example, for 6 x 10~ 4 semileptonic B s decays we could expect ~ 6 x 10 3 
initial B c mesons. Using the value Br(B c — > B s tt) m 16% we can expect ~ 10 3 decays 
B c — > B s tt. Recalling that B s is observed in semileptonic decay, we obtain ~ 10 2 events of 
this sort. The observation of these events will multiply the number of detected B c mesons 
many times. On the other hand, we will receive an additional opportunity to study the 
modes of c-quark decay inside B c meson. 



1 B s <-> B s can, however, spoil this situation. 
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